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(57)Abstract: 

PROBLEM TO BE SOLVED: To crystallize a ferroelectric thin film 
by coating a substrate with a precursor solution containing the 
constitutive elements of ferroelectric thin film material, drying the 
solution to form a thin film, subjecting the thin film to heat 
treatment to form a ferroelectric thin film, and then heating 
f erroe | ec tric thin film in an atmosphere of specified gas pressure. 
SOLUTION: A film is formed using a precursor solution containing 
Ta, Bi and Sr. More specifically, a substrate having a lower 
platinum electrode 4 is spin coated with a precursor solution. The 
substrate is then mounted on a heated hot plate and baked in the 
atmosphere. The filming step is repeated to form a ferroelectric 
thin film 5. Subsequently, heat treatment is performed, as first 
baking, in an oxygen atmosphere of atmospheric pressure by RTA 
and a Pt upper electrode 6 is deposited using a mask by EB 
deposition. After forming the upper electrode, second baking is 
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[Claim 1] In the manufacture approach of the ferroelectric thin film equipped wth a lower electrode 
aver a ferroelectric thin film, and an up electrode layer in order on a substrate The process wh.ch 
apples the precursor solution containing a metal to the front face of said .ower electrode layer formed 
on the substrate, The process which heats the applied precursor so.ut.on, removes only - solvent and „ 
dried, The manufacture approach of the ferroelectric thin film charactenzed by .nc.ud.ng the r st heat 
treatment process which heats the dried precursor and forms a ferroelectnc thm film, and the 2nd heat 
treatment process heated in a gas pressure ambient atmosphere lower than one atmosphenc pressure 
after forming an up electrode layer on this ferroelectnc thin film. 

Qa m a Th. manufacture approach of a ferroelectric thin Urn according to claim 1 thatgas pressure of 
the ambient atmosphere of said 2nd heat treatment process is charactenzed by being 20 or less Terrs. 

Ua ml" Th. manufacture approach of a ferroelectric thin f,lm according to claim 2 that gas pressure of 
the ambient atmosphere of said 2nd heat treatment process is charactenzed by 2 or more Tots be.ng 

20 or less Torr. . r . . + 0 . 

[Claim 4] The manufacture approach of a ferroelectric thin film given .n any 1 term of cla.ms 1-3 to 
which heating temperature of said 2nd heat treatment process is charactenzed by 500-degree-C or 
more being 650 degrees C or less. 

[Claim 5] The manufacture approach of a ferroelectric thin film g.ven ,n any 1 term of cla.ms 1-4 to 
which said precursor solution is characterized by using metaled carboxy.ate and a meta.ed alkox.de as a 

[c37]The ferroelectric thin film to which said ferroelectric thin film is characterized by the diameter 
of the maximum crystal grain consisting of a bismuth layer structure compound 700A or less m the 
ferroelectric thin film equipped with the lower electrode layer, the ferroelectnc th.n film, and the up 
electrode layer in order on the substrate. 

[Claim 7] In the semiconductor memory component containing the memory cell equ.pped w.th. one 
transistor for a switch, and one ferroelectric capacitor The semi-conductor substrate top w.th wh.ch 
said transistor for a switch was formed The insulator thin film of a wrap 1 st, this - w.th the contact 
plug into which it pierced through the 1 st insulator thin film, and the intenor was filled up w.th 
conductive materia. The ferroelectric memory device characterized by hav.ng the stack mold structure 
equipped with the lower electrode formed on this contact plug, the ferroelectnc th.n film formed on th.. 
lower electrode, and the up electrode formed on this ferroelectric th.n film, and sa.d ferroelectnc thm 
film consisting of a bismuth layer structure compound. 

[Claim 8] The ferroelectric memory device according to claim 7 to which the b.smuth layer structure 
compound which accomplishes said ferroelectric thin film is characterized by being the compound of Ta 
or Ti which contains either at least including Sr and Bi. 
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DETAILED DESCRIPTION 

5^^^ lnVenti ° n3 ach of the fer r„electric thin f,lm 

^^^^ 
a=^< ae.ce. 

[0 °° a ■ f the Prior Art3 Since a ferroelectric thin f,lm has ".any ~ a nd a 
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SSS 25 - - high 

re;=:^^ 

or polarization reversal ^"^on decreases happen. If the -placement to PRAM y „ 



= r-i 91 tt 962» Recently. Carlos APaz de Araujo and others discovers that this 
JPhys.Oh.rn.Sol.ds. 23.665 (1 962» ion to a ferroelectric and a high dielectnc 

.bismuth layer structure *^ e trs a l o ° m ore has reported especially the outstanding 

STpt ^rrgJ'no^t by the property unternationa, Application No.PCVUS 

plover, the so, ge, process ^^^^^^^^ 
methods, such as vacuum evaporation technique. t h e manufacture approach of a ferroelectric 

and an organometallic compound as a ^™"?£^JZZ<«r~lZ*. - law and MOCVD 
thin film, carries out pyrolys,s °» datl0 "°' he ". a ^'a, approaches, such as law. are used. 
( M eta, Organic Chemical ^^^iTZt^or^ of a large area is [ that 

advantage. f . above-mentioned bismuth layer structure 

[0009] EspeciaHy as the membrane formation ap roac L 0 r a dielectric thin film is 
compound thin film, the MOD method ,s proC ess of the conventional MOD 

manufactured at the ^^"^^^ST^WS 93 /,0021). 

method (International Application No.PCT/US ^92/10542 ^ ^ ^ 

rnmm 11 The> orocess which carries out spreading membrane Tormou r- 

Ss'of ^d ARUK.SH.DO etc. on ---ir^ several minutes 

^„ ^cTo^ ;r rsecrr^rd ». ^ — — - 

a^rge— in the solvent or the P-ess^f - from the msi^of he *m ^ ^ _ ^ 

at 800 degrees C in an oxygen ambient atmosphere for , hour in 

wufvVX^™^ <* 30 at 800 deerees ° in an °* ygen ambient atmosphere 

t^rlZ intrt: fo obtain desired thickness, the process of ! -3 is repeated and. finally « or 5 
E )Z72TL film or a dieleetHc thin «m can be manufactured as mentioned above. 
[0017] -■ u manufacture approach of the ferroelectric 

[Problems to be Solved by the ^^^^^'^ °< •» 0 °' 

thin film by the above conventional MOD methods, w.tn crysta || izes before forming an up 

,ess. the ferroelectric thin film by the ^^^T^^^ elevated temperature extremely 
electrode needed to carry out thing long duration hea * * „ remanence value 

* BOO degrees C for 1 houn m order ti, har ly cry* £ acqu ^ ^ ^ ^ ^ 

(.ntemational Apphcation ^ ^J^ ™™^ diamet er became ****** of the magnitude which 
micro processing became difficult further wnue p integration, 
is about 2000A and leakage current increased, rt was not s^ ,or * ^ , erack occurring „hen 
[001 8] Moreover, in the conventional MOD method since *« was a p^oble of . 

thickness obtained on 1 time of a spin coa, ,s made into he tnickness obtained on 

precursor solution was adjusted so ' ™ ^ whenever several times of 

1 ^v^^^^ ^ - iied — by the spin coater ' heat tre : tment by was 



to connect a ferroelectric capacitor with a selection transistor with a contact plug, and to adopt the 
stack mold structure in which the ferroelectric capacitor was formed on the contact plug (S. Onishi et 
al., IEEE IEDM Technical Digest, p.843 (1994)). However, heat-treatment of long duration has problems, 
such as causing the poor contact and property degradation by the counter diffusion, and the oxidation of 
contact plug ingredients, such as polish recon, the contact plug ingredient and the lower electrode 
material in the interface of a ferroelectric thin film and an electrode, counter diffusion with a 
ferroelectric thin film, etc., at the elevated temperature in the inside of the oxygen ambient atmosphere 
for forming a ferroelectric thin film. For this reason, although it is necessary to form thickly the 
electrode material and barrier metal ingredient which bear an elevated temperature for a long time, the 
level difference of a capacitor part becomes large by this, and it has been a failure in the case of 
integrating a component highly. Therefore, in order to make thickness of the whole capacitor thin and to 
attain high integration, as for a ferroelectric thin film, it is desirable to acquire a good property by low- 
temperature heat treatment conventionally. As the standard, the heat treatment temperature of a 
ferroelectric thin film needs to be 650 degrees C or less. 

[0020] This invention is made in order to solve the above-mentioned technical problem, it can carry out 
[ low temperature ]-izing of the membrane formation temperature compared with the manufacture 
approach of the conventional ferroelectric thin film, and aims at offering the ferroelectric [ which was 
manufactured by the manufacture approach of a ferroelectric thin film that a manufacture process is 
simplified, and this manufacture approach ] thin film with which it was precise with the ferroelectric and 
leakage current was reduced, and the ferroelectric memory device which has stack mold structure. 
[0021] 

[Means for Solving the Problem] In the manufacture approach of the ferroelectric thin film equipped with 
a lower electrode layer, a ferroelectric thin film, and an up electrode layer in order on a substrate in this 
invention in order to solve the above-mentioned technical problem The process which applies the 
precursor solution containing a metal to the front face of said lower electrode layer formed on the 
substrate. The process which heats the applied precursor solution, removes only a solvent and is dried, 
It is considering as the manufacture approach of a ferroelectric thin film including the 1st heat 
treatment process which heats the dried precursor and forms a ferroelectric thin film, and the 2nd heat 
treatment process heated in a gas pressure ambient atmosphere lower than one atmospheric pressure 
after forming an up electrode layer on the ferroelectric thin film. 

[0022] Furthermore, in this invention, gas pressure of the ambient atmosphere of the 2nd heat 
treatment process is set to 20 or less Torrs in the manufacture approach of the above-mentioned 
ferroelectric thin film. 

[0023] Furthermore, in this invention, gas pressure of the ambient atmosphere of the 2nd heat 
treatment process is set to 2 or more-Torr 20 or less Torr in the manufacture approach of the above- 
mentioned ferroelectric thin film. 

[0024] Furthermore, in this invention, heating temperature of the 2nd heat treatment process is made 
into 500 degrees C or more 650 degrees C or less in the manufacture approach of the above-mentioned 
ferroelectric thin film. 

[0025] Furthermore, in this invention, what uses metaled carboxylate and a metaled alkoxide as a 
component is used as a precursor solution in the manufacture approach of the above-mentioned 
ferroelectric thin film. 

[0026] Moreover, in this invention, the ferroelectric thin film supposes that the diameter of the maximum 
crystal grain consists of a bismuth layer structure compound 700A or less in the ferroelectric thin film 
equipped with the lower electrode layer, the ferroelectric thin film, and the up electrode layer in order on 
the substrate. 

[0027] Moreover, it sets for the semiconductor memory component containing the memory cell equipped 
with one transistor for a switch, and one ferroelectric capacitor. The semi-conductor substrate top with 
which the transistor for a switch was formed The insulator thin film of a wrap 1st, The contact plug into 
which it pierced through the 1st insulator thin film, and the interior was filled up with conductive material. 



It has the stack moid structure equipped with the lower electrode formed on the contact plug, the 
ferroelectric thin film formed on the lower electrode, and the up electrode formed on the ferroelectric 
thin film, and it is supposed that a ferroelectric thin film consists of a bismuth layer structure compound. 
[0028] Furthermore, in this invention, the bismuth layer structure compound which accomplishes a 
ferroelectric thin film is used as the compound of Ta or Ti which contains either at least in the above- 
mentioned ferroelectric memory device including Sr and Bi. 

[0029] as mentioned above, by the manufacture approach of the ferroelectric thin film of this invention 
In the manufacture approach of the ferroelectric thin film by the sol gel process or the MOD method 
After applying to a substrate the precursor solution which consists of the component element of a 
ferroelectric thin film material and drying, RTA heating down stream processing for carrying out pyrolysis 
removal of the organic substance component in the conventional film is skipped. A spreading desiccation 
process is repeated several times and it considers as predetermined thickness, and it crystallizes at the 
same time the 1st heat treatment process pyrolyzes and removes the organic substance after that. And 
the ferroelectric thin film is crystallized by performing time amount heating sufficient in a gas pressure 
ambient atmosphere lower than one atmospheric pressure as the 2nd heat treatment process after 
forming an up electrode thin film on it. Since the film manufactured by the manufacture approach turns 
into precise film with small particle diameter by this while low temperature-ization of membrane 
formation temperature is attained compared with the conventional manufacture approach according to 
this invention, leakage current is small and that it is [ which it is dielectric strength ] high can obtain the 
ferroelectric thin film which was very excellent. 
[0030] 

[Embodiment of the Invention] Hereafter, the gestalt of the 1st operation by this invention is explained 
with reference to a drawing. Drawing 1 is the sectional view showing the structure of the ferroelectric 
thin film by the gestalt of the 1st operation by the manufacture approach of the ferroelectric thin film of 
this invention. As shown in drawing 1 , this ferroelectric thin film forms the silicon thermal oxidation film 
2 of 200nm of thickness in the front face of n mold silicon substrate 1, and sequential formation of the 
Ta film 3 of 30nm of thickness, the Pt film 4 of 200nm of thickness, 20SrBi2Ta9 thin film (a SBT thin 
film is called hereafter) 5 that is a ferroelectric thin film of 200nm of thickness, and the Pt up electrode 
6 of 100nm of thickness is carried out on it, respectively. In addition, the silicon thermal oxidation film 2 
is formed as an interlayer insulation film, and is not limited to this here. Moreover, since the Pt film 4 
forms the oxide film on this, it is chosen as an electrode material which cannot oxidize easily, in addition 
conductive oxide film, such as Ru02 and Ir02, etc. may be used for it. And the Ta film 3 is used in 
consideration of the adhesion of the silicon thermal oxidation film 2 and the Pt film 4, in addition Ti film 
and the TiN film may be used for it. 

[0031] Next, the manufacture approach of the ferroelectric thin film shown in drawing 1 is explained. 
[0032] First, thickness forms in the front face of n mold silicon substrate 1 the silicon thermal oxidation 
film 2 which is 200nm. In addition, with the gestalt of this operation, it forms as the formation approach 
of the silicon thermal oxidation film by oxidizing thermally silicon substrate 1 front face at 1000 degrees 
C. And on this silicon thermal oxidation film 2, the Ta film 3 whose thickness is 30nm is formed by the 
spatter, the Pt film 4 whose thickness is 200nm is further formed on this, and this is used as a 
ferroelectric thin film formation substrate. 

[0033] The synthetic approach of the precursor solution hereafter used in order to form the SBT thin 
film 5 on this substrate, and the process which forms a SBT thin film as a ferroelectric thin film on a 
substrate using this precursor solution are explained referring to process drawing of drawing 2 . 
[0034] As a start raw material of precursor solution composition, tantalum ethoxide (Ta (OC2H5)5), 
bismuth-2-ethyl hexanate (Bi2 (C7H15COO)). and strontium-2-ethyl hexanate (Sr2 (C7H15COO)) are 
used. In order to carry out weighing capacity of the tantalum ethoxide (step S1), to make it dissolve into 
2-ethyl hexanate (step S2) and to promote a reaction, it agitates heating from 100 degrees C to 120 
degrees C of maximum temperatures, and is made to react for 30 minutes (step S3). Then, the ethanol 
and the moisture which were generated by the reaction at 12 degrees C are removed. Heating churning 



*.-.,«, Mml - 30ml xylene was made to dissolve in the solution is 
of the strontium-2-ethyl hexanate which ^ J mpcratur „ from optimum dose «** (step 

carried out for 30 minutes at 140 ^ (s Lp S5). Then, heating churning of the 

S4) and 125 degrees C so that ,t may be set to Sr/Ta / ^ ^ at , 50 

otuth-2-ethano, ^^ZZ^ ^ <*- ^ - "° ^ ° " ^ 

,Wrees C of maximum temperatures iru m 

so *at it may be set to ^^2. ^ «* ^ ^ and tne solve „t of low 

[0035] Next, in order to remove the ^^ZZ^er^ °" 3 ° ° " 15 ° f^T 

molecular weight from this solution. * w „ the filter of the diameter of 0.45 

hours. In order to remove dust from ^ £ 2 0o9 . 6 of . so ,„tion is adjusted to M mol/l. 

micrometer (step SO. Then. *e concentra^ n^ f S*2.4 ^ ^ ^ ^ ^ 

r*— - - — — *- -~ a so,vert 

e-tsubse q uent,y,theabove-men n dp = 

£ep S10). Then, it puts on the hot play which heated he ubst ^ ^ ^ 

BEKU and dry in atmospheric air for 8 - ^ , q uirement into 100 degrees O - 130 degrees C 

to homogeneity, it is desirable to make & since . cra ck occurs by membrane stress .n 

and the optima, drying ^'^^Tol *^* * dri ~ * ^ 
the below-mentioned phase which carries out preventing it 

temperature retirement, for example .1 5 0 "^^^^J*. hot plate which heated the wafer 
[0037] Then, in order to volatilize a solvent ^ f „ „ mimrtes ( st .p S12). This 

at250 degrees C. and BEKU ^'"^'^TZ t is desirable to ear^ out at the 
temperature is more than the boiling port : of a «°^"V cornpact ion of process time amount. This 

Temperature of 250 degrees C - •^^Jfi^Z*** thin film of 200nm of thickness ,s 
membrane formation process ,s repeated 3 times, a 

then - as the 1 St baking - RTA - using law, £ " t^TX^ 

0C IZ C among the atmospheric ^^^^T carried out wKh EB (electron 
vacuum evaporationo of the Pt * • 6 pyrolysis rem oval of the organic substance 

beam) vacuum deposition (step S14 . In this ^ ^^^cation ^ ^ ^ perf 4 Ano 
contained in the ferroelectric thin film by "J^J^^ to py^sis removal and coincidence of 
a part of crystallization of a ^T^^Z as a kind of nucleation process, in addition - the 
the organic substance, and it ,s thought that atmospheric pressure oxygen ambient 

gestalt of this operation - RTA - although heat^reat d U ^ ^ ^ ^ ^ 

atmosphere using law - RTA - •*» «• ^° n - m3V be U " d ** * " ' 

mix ed gas with inert gas. such as oxygen n ^ „„ size for ferr oelectr,c 

atmosphere. Moreover, with the gesta It of this opera ^ ^ ^ m . crometerphl , thls 

characterization, although Pt up electrode was ^ used ^ 

invention is not limited to such eltrode formation - RTA - baking for 30 

[0039] next - as the 2nd baking (this , baking) after UP ele atmosphere u n , aw 

minutes is performed at 400 degrees C - 50 . O n ^ _ thin film . ,„ addition 

(step S15). This 2nd baking ,s for P"£^££ ca 7 cinated in 10 Torr oxygen ambient atmosphe e 
- the gestalt of this operation - RTA alt ^ |n a gas pressure ambient 

using law - RTA - law - as long as ; he* ^treafrne" p ^ 
atmosphere lower than one rtmosph.ru> P™»* u ^ such as nltro g e „ or an argon, ,s sufficient 

firing environments, you may be the mixed t**^™^^ t he oxygen two or more kinds ,n 
Is, a 6 nd was mixed of inert gas, -f^^c IfL is completed according to the above process 
addition to oxygen. Production of a ferroelectr 



ZZZ^JZZ^Z^JL. applied vo,tage as 3V to the capacitor of the 

4microC/cm va!ues are scared for the 2nd bum, g p ^^- ure approachi above 500 

--ar g e deltaO ^^^^ ^^^0. 

Respectively dr^ d^ £ arl b M to be saturated from about 

l^S^U -* -a ^ - ~ ~ * ^ burning 

temperature at the time of 3V imp— Abov . W *£~ C * 

nrrent^r Slt^"*.^^ which beoame a prob.em convention* 
on tnroocasion of lowAemperature-izing of the 2nd burning temperature was not seen. 
^r^Performsenneaiing^^^^^^^ 

atmosphere with the 1st 600 degrees O among 10Torr 

the film after performmg annealing for 30 minutes o r t ^ 

oxyg en ^££^£t^ became the precise f„m which 

crystal gra n 700A o ^.^^ ^ ^ |ike that whose thing wh ose 2nd burnin g temperature ,, 
consists of •^^"S?^ ^ th. other hand, annealing was performed for 30 minutes in the 
650 degrees C ,s also 600 degree* C W temperature of 600 degrees C. 

atmospheric pressure oxygen ^r^* of rforming annealing for 3 0 minutes at 



from these things. 



[0046] Although it had become the polycrystal of SrBi2Ta 209 with the 2nd burning temperature of 500 
degrees C or more as a result of the X diffraction, the clear crystal was not able to be checked below 
450 degrees C. 

[0047] As an example of a comparison of the gestalt of implementation of the above 1 st, the SBT th.n 
film was formed using the conventional manufacture approach, and the ferroelectric thin film which has 
the same structure as drawing 1 was manufactured for evaluation of the electrical property. 
[0048] Drawing 12 is drawing showing the synthetic approach of the precursor solution used in order to 
form the SBT thin film 5 in the ferroelectric thin film shown in drawing 1 , and the conventional process 
which forms a SBT thin film as a ferroelectric thin film on a substrate using this precursor solution. The 
same number is given to the same process as the process of the gestalt of the 1st operation shown in 

drawing 2 . . 
[0049] In manufacture of the ferroelectric thin film in this example of a comparison, a different point 
from the gestalt of the 1st operation of the above-mentioned is only the process of the 2nd baking at 
the time of formation of a SBT thin film, namely, the SBT film which carried out the mask vacuum 
evaporationo of the Pt up electrode 6 of 100 micrometerphi after the 1st baking like the gestalt of the 
1st operation of the above-mentioned — receiving — the thing of the example of a comparison — as 
the 2nd baking — RTA — 600-7 50-degree-C baking for 30 minutes was performed in the atmospheric 
pressure oxygen ambient atmosphere using law (step S20). 

[0050] Drawing 13 , drawing 14 , and drawing 15 are graphs which show the strong dielectric 
characteristics to the 2nd burning temperature of the film obtained at the process of this example of a 
comparison. Measurement of strong dielectric characteristics performs applied voltage as 3V like the 
gestalt of implementation of the above 1st to the capacitor of the type shown in drawing 1 using a well- 
known SOYA tower circuit. 

[0051] Drawing 13 is a graph which shows the value of the membranous remanence Pr. When the 2nd 
burning temperature falls, bordering on 730 degrees C, Pr value decreases rapidly, turns into two or less 
2microC/cm and a very small value below 700 degrees C, and are ********** about a ferroelectricity at 
600 degrees C. [ most ] Although two or more 4microC/cm Pr value is acquired with the gestalt of the 
1st operation as compared with the gestalt of the above-mentioned's 1st operation of this, the 2nd 
burning temperature was possible at 600 degrees C, but (refer to drawing 3 ) in the example of a 
comparison, if it is not 730 degrees C or more in the 2nd burning temperature, it turns out that two or 
more 4microC/cm Pr value cannot be acquired. Although equivalent Pr value is acquired from this, it is 
clear that the gestalt of the 1st operation has realized low temperature-ization of the 2nd burning 
temperature rather than the thing of the example of a comparison. 

[0052] Drawing 14 shows the value of a coercive electric field Ec. above 650 degrees C, is not based on 
the 2nd burning temperature, but shows the almost fixed value. If amount of stored charge deltaQ shown 
in drawing 15 becomes the temperature not more than it bordering on the 2nd burning temperature of 
730 degrees C like Pr shown in drawing 13 , the value will decrease rapidly. 
[0053] Drawing 16 is a graph which shows change of the leakage current over the 2nd burning 
temperature at the time of 3V impression. Although leakage current increases a single figure at a time 
and it becomes a fall inclination at 600 degrees C whenever the 2nd burning temperature falls by 50 
degrees C, as for a 600-degree C thing, a ferroelectricity is hardly shown. 

[0054] After drawing 17 performs annealing for 30 minutes in an atmospheric pressure oxygen ambient 
atmosphere with the 1st burning temperature of 600 degrees C and performs annealing for 30 minutes 
for the 2nd baking at 700 degrees C among an atmospheric pressure oxygen ambient atmosphere, it is 
the surface SEM photograph of the film of **. As for the SBT film in this case, existence of 1500-9000A 
crystal grain exists by the shape of a string. 

[0055] Here, it compares with the thing of the gestalt of the 1st operation of the above-mentioned, and 
the thing of this example of a comparison about the size of crystal grain. Although crystal grain was 
500-5000A by the SBT film at the time of performing annealing for 30 minutes in an atmospheric 
pressure oxygen ambient atmosphere with the 1st burning temperature of 600 degrees C, and 



~ . x c ~ +u» 9nM hakine at 700 degrees C among the oxygen ambient 

• atmosphere of lOTorKs) as above operation serves as small crystal 

above-mentioned, and the way «^* m **™£ According to the comparison of these SBT film 
6rai „ from the thing of the exa r,p,e of ™™ ^ZorJo< the 2nd baking differing from this in 
formed only on cond,t,on that the ambient gas p in a gas pressure 

the film in which a ferroelectric^ ,. ^''J^ ^re t membranous eburnation to be possible, 
ambient atmosphere lower than ™ *™^£££St of the lst operation of the above- 
[0056] Subsequently, it a f rroeTectric thin f„m and the thing of this example of 

mentioned about the size of the becomes almost equivalent. In the gestalt of the 1st 

a comparison from which a remanence Pr value in an atmospneric pressure 

operation of the of 600 degrees O and the SBT film at the 

oxygen ambient atmosphere "'^^J^^ degrees C among the oxygen ambient atmosphere of 
time of performing annealmg for 30 minutes at 600 deg 2microC /cm2. and crystal grain 

,0Ws) showed the 2nd ^»J^£^^^JL~ almost e,uiva,ent to this in 
was 700A or less. On labou" 4.3microO/om2 which performed annealing for 30 

the example of a companson, it was Pr value a fc . temperature of 

minutes in the atmospheric pressure oxyge n ambient tmosph ~ c among the 

600 degrees C. and performed annealing for * "^nd as . resu lt of observing 

atmospheric pressure oxygen •^^^X^^T5^^ « ««— * «" 

this SBT film front face, the magnitude of that than ^ ^ of tne 
way of the thing of the gestalt of the 1 st <*^J%^ a ,mo S t equivalent Pr value 

example of . comparison ^^^J^, [„ a gas pressure ambient atmosphere 

LTtTo^ 

^ es^ ml^tn^^ X diffraction, clear crystal 

^^o^r^^o :z;: ^^^ z d 

conventional manufacture approach to see '"^^^Z, the 2nd burning temperature 
leakage current, and use it as » "*" C «°" « 

was lowered ^^^^ZT^ « «■». by [ which are depended on 
accompanying the fall of the , 2nd I bu , g ^ atm „ sphere , ovrer than one 

this invention ] performing the 2nd baking in a g p contl . 0 || ed . Thereby, property 

atmospheric pressure, the increment ,n leakage current can , .1.0 be 

sufficient as ferroelectric memory with th ^ £ integrat i„n of FRAM. 
acquired, and it becomes possible to adopt stack struct^ q a density device 

Moreover, it is suitable also " I controls a crysta, grain child's big and 

1£££%Z ITrl—eburnatio: and surface flattening and the proposal of leakage 



current of it is attained. ^ |s explairie d. referring to a drawing. 

[0059] Hereafter, the gestalt of the 2nd operati y . memory ce ll by this invention 

OrawmgJS is the important section Loe7ectric « cell of the 

which is the gestalt of the 2, , o = , . shown toX^ ^ ^ separation 

Ta205 barrier insulator layer 50. and ^ ^^emory cel, is explained using drawing 19 

2S IE — : v^ :h P ZXlm;rof the manufacture approach of the ferroelectric 



random-access memory of the structure shown in drawing 18 . 

[0061] a phot only with the part well-known as shown in drawing 19 (a), after forming the transistor for a 
switch with a well-known MOSFET formation process and covering with an interlayer insulation film 43 
to which a bit line contacts the impurity diffusion field 41 of a substrate — well-known CMP (Chemical 
Mechanical Polishing) after embedding the polish recon which dug and carried out impurity diffusion of 
the contact hole using the lithography method and the dry etching method — flattening of the front face 
of the polish recon plug 45 is carried out to an interlayer insulation film 43 by law. 
[0062] Next as shown in drawing 19 (b), after depositing the TiN barrier metal layer 46 2000A of 
thickness by the well-known spatter, the Pt thin film 47 is deposited 1 000A of thickness by the well- 
known spatter, and it considers as a lower electrode. Although 20SrBi2Ta9 thin film (a SBT thin film is 
called hereafter) is formed as a ferroelectric thin film 48 on this lower electrode The synthetic approach 
of the precursor solution used in order to form a SBT thin film, and among the processes which form a 
SBT thin film using this precursor solution, the process to the 1 st baking Since it is the same as the 
process from step S1 of drawing 2 explained with the gestalt of the 1st operation of the above- 
mentioned to step S13, explanation is omitted. 

[0063] It considers as a configuration as processes the magnitude of 3.0-micrometer angle and shows 
the SBT film 48 after the 1st baking, the Pt lower electrode 47, and the TiN barrier metal layer 46 to 
drawing 19 (b) using the well-known phot lithography method and the dry etching method. For the SBT 
film the mixed gas of Ar, and CI2 and CF4 and Pt lower electrode are [ the mixed gas of C2F6, and 
CHF3 and CI2 and the TiN barrier metal of the type of gas used for dry etching using the ECR etcher ] 
CI2 gas. Since the SBT film and Pt lower electrode are very precise and it is flat at this time, precise 
micro processing is possible and a CD loss can be held down to 0.1 micrometers or less. 
[0064] Next as shown in drawing 19 (c), the Ta205 barrier insulator layer 50 of 300A of thickness is 
deposited using a well-known spatter, then silicon oxide of 1500A of thickness is deposited with a well- 
known CVD method as an interlayer insulation film 51, and the contact hole of 2.0-micrometer angle .s 
formed in the SBT film upper part after that using the well-known phot lithography method and the dry 

etching method. . 
[0065] next, it is shown in drawing 19 (d) — as — Pt up electrode of 1000A of th.ckness — a well- 
known spatter - forming — a well-known phot — as the 2nd heat treatment after processing it using 
the lithography method and the dry etching method and considering as the plate line 49 — RTA — heat 
treatment for 30 minutes was performed at 600 degrees C in the oxygen ambient atmosphere of 
10TorKs) using law, and the SBT film was crystallized. The cross section of the SBT film after making .t 
crystallize is very smooth too. is precise, and did not spoil the configuration of a ferroelectric capacitor. 
Moreover it was 2000A when the thickness of the SBT film was measured. 

[0066] Then, an interlayer insulation film 52 is deposited using a CVD method with a well-known 
flattening technique, flattening is performed, the contact hole to another impurity diffusion field of the 
transistor for a switch is formed using the well-known phot lithography method and the dry etching 
method, a bit line 53 is formed using well-known aluminum wiring technique, and a ferroelectric memory 
cell as shown in drawing 18 is completed. 

[0067] Thus, the electrical property of the manufactured ferroelectric memory cell was measured using 
the well-known SOYA tower circuit. Drawing 20 is. a graph which shows the hysteresis loop when 
measuring applied voltage by 3V. The configuration of the hysteresis loop is good, as for Remanence Pr, 
5microC/cm2 is obtained, as for the coercive electric field Ec. the value of 30 kV/cm (0.6V) is acquired, 
and actuation sufficient as a ferroelectric capacitor was checked. Moreover, by applied-voltage 3V, the 
value of leakage current is 5x10-8 A/cm2, and property sufficient as a ferroelectric capacitor was 
checked. 

[0068] Drawing 21 is the graph which impressed electrical-potential-difference 3V and a pulse with a 
frequency of 1MHz. and plotted change of amount of stored charge deltaQ to the count of repeat 
polarization reversal at the time of performing polarization reversal repeatedly. Change is not looked at 
by the amount of stored charge, but after polarization reversal of 2x1011 cycle completely shows a 



maximum crys g, operation of the above-ment.oned. 

ferroelectric thin film as the gestait or trie is v ooeration differs from the 

gestait of the st OP'"*"" . of 2 _ micrornet er angle, and structure, the 

l^rre^rot^e comply the same as that of the gestait o f the 1 st operate as 

m^mu^grain of the SBT film when —^^^^1^^ 3rd 

micrometer an*. **» *° *— ' 

operafon. In d rawing 22 . an ax* « •™~ ,t (deltaQAVB of amount of stored charge deltaQ. and 

of amount of stored charge deltaQ by the average W'" a " T fi| According to 

an axis of abscissa shows the diameter of the maximum avstal gra ro ^ the dispers i„n 

drawing 22 . with the film with the diameter of the ™*™™ ™ X ^Y™Xl, and the diameter of 

in amount of stored charge deltaQ has very small sigma/delta QAVEat JOS or le , 

the maximum costal grain shows that the property that a operation of the 

hard to be acouired is M de'grees C or ,.s, it 

above-mentioned explained, in the case wnere a(most have 

turns out that the diameter of the maximum crystal grain is the ^« ! 

dispersion in strong dielectric **r^J^£^V£Z capacitor and to obtain the 
In order to have sufficient amount of ^"^^..Vth. 2nd burning temperature, it is desirable 
SBT film with little dispersion in a property from this, as tor tne i 

that it is the range of ^'J^TJlZlyt^ invention is explained, referring to a drawing. 
[00721 Hereafter, the gestait of * e 4 * ^ or ™°" ^ of the above -mentioned with the gestait of the 
step S15 of drawintl of the gestait of the 1st ^operat ion ot the 

4th operation - setting - as the aTmosph^e using I d the production 

performed at 600 degrees C in a l^^J^J^, tne sam e as that of the gestait of the 1st 
process of component structure and other. i etc. is cc p y d ^ 

operation except it. In addition, since (the 2nd baking pressure) of th , 

ESSE - — - 

rrt;^^^ 

characteristics performs applied voltage as JV to tne o h 



well-known SOYA tower circuit. r , m .„ e „ C e Pr of the film to the ambient- 

[0074] Drawing^ is a graph which shows the va u. £££££££ ne amDien t-gas-pressure 
gas-pressure force (the 2nd baking pressure) _„f the 2nd bak * ^ 

force hardly showed a *«" * * — ' *" 

serve as the maximum near pressure 5Torr and if pressu 5micro c/cm2 and a 

decrease. As for the remanence Pr at '^JX^^ accuired. Moreover, 
reive electee ^^^^^^ ns prLure, of the 2nd baking is the 
IZfT^ - rOTorT. Pr become P s two or more 2.5microC/cm. and shows sufficient strong 
ISSS^ «"* shows the value of membranous amount of stored charge d.,taQ to 



w. (the 2nd baking pressure) of the 2nd baking. A value will increase, 
the ambient-gas-pressure force (the ™ ™l Pr will become the maximum near pressure 5Torr, 
.mount of stored charge de taQ as w J « ^ ^ ^ ^ ^ fc # 

if the r^r^^^^STof 10.2microC/cm2 in amount of stored charge deltaQ at the 

value will decrease. The outstanding vaiu „nerallv the ferroelectric random-access 

time of pressure STorr was ^ more 5micro c/cm amount of stored 

»« ° f *• de f r « 0f r U Troul "f Irel cha rge deltaQ is two or more 5microC/cm in the 

force (the 2nd baking pressure) of the 2nd 
range of 2TorKs; orr an amount of stored charge deltaQ required as 

baking is manufactured w*h the pressu e of t „ amou ^ ^ ^ ^ ^ 

ferroelectric random-access memory of the degree o « manufactured by this 2nd Daking 

. Furthermore, as a result of observing the smoothn ess is also good, 

pressure, it can be checking that ,t ^« *^ bmu! coeroive e , ectri c field Ec to the 
S2255££ - ^Cr^ure) of the 2nd baking, in the range of 2Tor<s) - 
200Torr. the 2nd baking pressure is about 1 law near M kV/c- ^ ^ ^ 

2SSS2^ - t^Ztl^U^ Also in which gas pressure, the 
ooTvTof V7 to ten to eight sets is ^ >™ a mbient-gas-pressure 

[0078] « * hawing Rowing 'he X ~^^Z° „ 2nd baking pressure of a. b. c. d. e. 
force (the 2 "or, respectively. Moreover, in 

and f is the thing of 760Torr(s) 200TW ^ .^^jflraction whenever 2theta (deg) and an axis of 
dfawmgjT . although an axis of abscissa is angle ot ordinate, the location 

diffraction reinforcement (arbitration h ™v«d. And the 

electrode among drawing 27 . . . , QRT fnri o^ SBT ( 10 5) SBT (110), SBT (200)) of 

[0079] According to d^wmg^I ' ^ T P °^.^^rSd S pel (de.ta-TaO (001). delta- 
SBT has appeared, in the th ^f^^ by \he thing of 760Torr, the SBT 

TaO (002)) of TaO has appeared a t + t the amorphous -, ike film. According to the 
peak is broadcloth ^ outt^t the f,.m in' which a SBT peak is shown was 

observat.on result of this X **™*™>* ambient -gas-pressure force of the 2nd baking, 
obtained in the range of 2Torr - 200Torr as ambient g P ne ambient -gas- 

[0080] Drawjng_28 is a graph which * presentation 

pressure force (the 2nd baking pressure) of the 2n I baking. ^smc p 1 ^ 

were not dependent on the 2nd baking pressure an £ - changed g ^ ^ £pMA 3 

depending on the 2nd baking pressure as a result of [ wh,c ' ^ nd » » ^ tQ drawing 28 , 

measuring. d«28 graph-i.es ^£^L'w**A / 2= 1 -O of a 

i 7 r; al " e a: f d ^ ^^r* *. * *. 2nd ^ ,~ and * _ 

as stoichiometry (Bi/Ta=1.0) near the ^oer ^ ft thoughtthat 

[0081] And by 1Torr. the value of B /Ta s L the 2nd ^ ^ diffusion tQ an e|ectrode 

change of such a Bi presentat.cn onginates ,n the volrt «rt.on * » fa 

Having taken p.ace at the time of the ^f^t £T^«SL««*«^ was hardly 
of such a Bi presentation is the thing of 2nd bak.ng P^ ^^ were not dependent on the 2nd 

str^wer^ 

baKing preset. r«Sr/Ta-1 / 2= 0 5) of a raw material charge. 

same as the presentation ratio (Sr/Ta-1 / 2 0.5 o _ ^ sbt 

[0082] In addition, in the above-mentioned gestalt ot tne 



209) was used as an ingredient of a ferroelectric thin film An ingredient is not limited to this and 
* besides SrBi2(Ti, Nb)209 which are the compound of Ta or Ti which contains either at least, SrBi4Ti 
4015, ** with desirable SrBi4(Ti, Zr)4015, and these including Sr and Bi SrBi2 </SUB> This invention is 
applicable if it is the bismuth layer structure compound ingredient which can form membranes by a sol 
gel process or the MOD methods, such as Nb 209, Bi4Ti 3012, CaBi2Ta 209, BaBi2Ta 209, BaBi2Nb 
209, and PbBi2Ta 209. 
[0083] 

[Effect of the Invention] In the manufacture approach of the ferroelectric thin film [ according to the 
manufacture approach of the ferroelectric thin film of this invention ] by the sol gel process or the MOD 
method After applying the precursor solution which consists of the component element of a 
ferroelectric thin film material and drying, the heat-treatment for carrying out pyrolysis removal of the 
organic substance component in the film is omitted. By heating in a gas pressure ambient atmosphere 
lower than one atmospheric pressure as the 2nd heat treatment process, after repeating a spreading 
desiccation process several times, considering as predetermined thickness and forming a ferroelectric 
thin film according to the 1st heat treatment process after that The ferroelectric thin film is crystallized 
and low temperature-ization of membrane formation temperature is attained from the conventional 
approach. Furthermore, the film produced by the manufacture approach of the ferroelectric thin film of 
this invention turns into precise film with small particle diameter, and leakage current can obtain the 
small high ferroelectric thin film of dielectric strength. 

[0084] More, in order for the conventional manufacture approach to set, to hardly crystallize upwards in 
the burning temperature of 650 degrees C or less and to acquire a property required as ferroelectric 
random-access memory, 730 degrees C or more needed to be calcinated for the detail, but since low 
temperature-ization of 100 degrees C or more is attained from the conventional manufacture approach 
by the manufacture approach of this invention and property sufficient as memory also with the burning 
temperature of the low temperature of 600 degrees C is acquired, integration using the stack structure 
of ferroelectric random-access memory is attained. 

[0085] Moreover, since the thin film produced by the manufacture approach of the ferroelectric thin film 
of this invention controls a crystal grain child's big and rough-ization, can realize membranous 
eburnation and surface flattening and also fits micro processing, manufacture of a higher— density device 
is realizable. 



[Translation done.] 



* NOTICES * 

dapan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 1] It is the sectional view of the gestalt of operation of the 1st of the ferroelectric thin film by 
this invention. 

["Drawing 2] It is process drawing showing a part of production process of the ferroelectric thin film of 
drawing 1 . 

rD rawing 3] It is the graph which shows change of the remanence Pr over the 2nd burning temperature 
of the ferroelectric thin film of drawing 1 . 

fDrawing 4] It is the graph which shows change of the coercive electric field Ec to the 2nd burning 
temperature of the ferroelectric thin film of drawing 1 . 

[Drawing 5] It is the graph which shows change of amount of stored charge deltaQ to the 2nd burning 
temperature of the ferroelectric thin film of drawing 1 . 

[Drawing 6] It is the graph which shows change of the remanence Pr over the applied voltage of the 
ferroelectric thin film of drawing 1 . 

[Drawing 7] It is the graph which shows change of the coercive electric field Ec to the applied voltage of 
the ferroelectric thin film of drawing 1 . 

[Drawing 8] It is the graph which shows change of amount of stored charge deltaQ to the applied voltage 
of the ferroelectric thin film of drawing 1 . 

rD rawing 9] It is drawing showing the fatigue property of the ferroelectric thin film of drawing 1 . 
[Drawing 10] It is the graph which shows change of the leakage current at the time of 3V impression to 
the 2nd burning temperature of the ferroelectric thin film of drawing 1 . 

[Drawing 11] It is the SEM photograph of the membranous front face which manufactured 600 degrees 
C and the 2nd burning temperature for the 1st burning temperature as 600 degrees C by the 
manufacture approach of drawing 2 . 

[Drawing 1 2] It is drawing showing a part of production process of the conventional ferroelectric thin 
film. 

[Drawing 13] It is the graph which shows change of amount of stored charge deltaQ to the 2nd burning 
temperature of the conventional ferroelectric thin film. 

fDrawing 14] It is the graph which shows change of the coercive electric field Ec to the 2nd burning 
temperature of the conventional ferroelectric thin film. 

[Drawing 15] It is the graph which shows change of the coercive electric field Ec to the 2nd burning 
temperature of the conventional ferroelectric thin film. 

fDrawing 16] It is the graph which shows change of the leakage current at the time of 3V impression to 
the 2nd burning temperature of the conventional ferroelectric thin film. 

[Drawing 17] It is the SEM photograph of the membranous front face which manufactured 600 degrees 
C and the 2nd burning temperature for the 1st burning temperature as 600 degrees C by the 
conventional manufacture approach. 

[Drawing 18] It is the sectional view of the ferroelectric random-access memory of the gestalt of the 
2nd operation by this invention. 

fDrawing 19] It is the sectional view showing a part of production process of the ferroelectric random- 



access memory of drawing 18 . 

. [Drawing 20] It is the graph which shows the hysteresis loop when impressing the electrical potential 
difference of 3V to the SBT ferroelectric random-access memory of drawing 18 . 

[Drawing 21] It is the graph which shows the fatigue property of the SBT ferroelectric random-access 
memory of drawing 18 . 

[Drawing 22] It is the graph which shows the value change which broke the standard deviation (sigma) of 
amount of stored charge deltaQ to the diameter of the maximum crystal grain of the ferroelectric thin 
film of the ferroelectric thin film of the gestalt of the 3rd operation by this invention by the average 
(deltaQAVE) of amount of stored charge deltaQ. 

[Drawing 23] It is the graph which shows change of the remanence Pr of the film to the ambient-gas- 
pressure force (the 2nd baking pressure) of the 2nd baking of the ferroelectric thin film of the gestalt of 
the 4th operation by this invention. 

[Drawing 24] It is the graph which shows change of amount of stored charge deltaQ to the ambient-gas- 
pressure force (the 2nd baking pressure) of the 2nd baking of the ferroelectric thin film of the gestalt of 
the 4th operation. 

[Drawing 25] It is the graph which shows change of the coercive electric field Ec to the ambient-gas- 
pressure force (the 2nd baking pressure) of the 2nd baking of the ferroelectric thin film of the gestalt of 
the 4th operation. 

[Drawing 26] It is the graph which shows change of the leakage current at the time of 3V impression to 
the ambient-gas-pressure force (the 2nd baking pressure) of the 2nd baking of the ferroelectric thin film 
of the gestalt of the 4th operation. 

[Drawing 27] It is drawing showing the X diffraction pattern of the film to the ambient-gas-pressure 
force (the 2nd baking pressure) of the 2nd baking of the SBT film of the ferroelectric thin film of the 
gestalt of the 4th operation. 

[Drawing 28] It is the graph which shows change of the film presentation ratio to the ambient-gas- 
pressure force (the 2nd baking pressure) of the 2nd baking of the SBT film of the ferroelectric thin film 
of the gestalt of the 4th operation. 
[Description of Notations] 

1 Si Substrate 

2 Si02 

4 Lower Electrode Layer 

5 48 Ferroelectric thin film 

6 Up Electrode Layer 

41 2nd Conductivity-Type Impurity Diffusion Field 
43, 44, 51, 52 Interlayer insulation film 
45 Memory Section Contact Plug 
47 Lower Electrode 
49 Plate Line 

54 1st Conductivity-Type Silicon Substrate 
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